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I° 
The positive  stereotropism of  quietly creeping larwe  of the beetle 
Tenebrio  may  be  suppressed  by  light  of  sufficient  intensity  (1). 
That  stereotropism  may  inhibit  negative  phototropism  in  these 
larvm was observed by Loeb  (2).  Horizontal light of low intensity 
incident upon the larva  through a  vertical glass plate in lateral  con- 
tact with which the animal is creeping, does not modify the stereo- 
tropic behavior while in full contact with  the glass,  nor  the  stereo- 
tropic  orientation of the anterior  end  (1)  upon its extension beyond 
the limit of the plate.  Such light is,  however,  adequate  to  enforce 
negative  phototropism  in  the  absence  of  unilateral  contact  with  a 
surface.  Light of sufficiently great intensity induces prompt photic 
orientation,  involving  movement  away  from  the  contact  surface. 
There is a fairly sharp value of the light intensity such that a slightly 
lower  value  fails  to  inhibit  stereotropism  while  a  slightly  higher 
value almost always does inhibit it.  By repeated trials with a single 
individual it is found that a certain intensity of light may fail to induce 
photic orientation away from the contact plate, but will nevertheless 
just inhibit stereotropic bending of the anterior end of the larva when 
it has passed the plate.  The distinction while real is a slight one and 
not  easily  measurable,  because  the  expression  of  the  tendency  to 
bend the anterior portion of the body varies with rate of creeping. 
The  results  of  attempting  to  balance  stereotropism  and  photo- 
tropism are the same if the stereotropic creeping is begun under weak 
red light and then the horizontal white light admitted, or if the creep- 
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ing is  begun under the influence of the white light and the contact 
established  secondarily.  In  the  present  series  of  experiments  no 
attempt was made to  analyze stereotropism during reversed creep- 
ing (1). 
In  measuring  the  "photic  equivalent  of  stereotropism"  the  dis- 
tances from a source of white light were found by trial at which (a) 
the light was  almost  always  sufficient to  enforce orientation  away 
from a  vertical piece of plate glass,  and  (b)  at which the light just 
failed  to  do  this.  These  distances,  in  ten  series  of  experiments 
involving numbers of larvae in each, were found to differ by at most 
some  4.0  per  cent  of  the  mean  (or  "critical")  distance.  A  result 
with about the same degree of uncertainty is obtained by averaging 
the  "critical  distances"  observed  with  different  individual  larvae. 
In  an  earlier  experiment,  with  temperature  16°C.,  the  critical  in- 
tensity  was  132  m.c.  (1).  Later  trials,  at  22°-23°C.,  but  with  a 
different lamp, gave 136  m.c.  as the mean intensity for inhibition of 
stereotropism. 
II. 
Measurements of the relations between wave length of light  and 
stimulating power are less easy to obtain in connection with photo- 
tropic movements than in "reflex" responses determined by changing 
the light intensity.  This is due to the fact that unless circus move- 
merits are studied,  it is  difficult to  obtain  a  precise measure of the 
orientation  effect in  terms  of  constant  action  of  the  light.  In  a 
subsequent  paper  a  case  of  this  type will  be  presented  (3).  The 
behavior of Tenebrio larvae, however, permits determinations of the 
intensities of light of given wave lengths required to produce a  deft- 
nite  effect, namely  the  phototropic  suppression  of  stereotropic  re- 
sponse.  It  is  to  be  taken for granted  that  the  same photosensory 
effect, regardless  of  the value of  the incident wave lengths, will  be 
just sufficient to produce central nervous inhibition  of the impulses 
derived from lateral contact.  The experiment thus becomes strictly 
comparable with that performed by Hecht (4) with the reaction time 
of the siphon response of Mya in colored lights. 
As source  of  light  a  400  watt  tungsten  condensed  filament was 
employed in conjunction with Wratten Light Filters 70,  71A,  72,  73, w.  j.  CROZ~R  649 
74,  75,  76.  The  method  whereby  these  approximately monochro- 
matic filters are used to obtain light of known intensity is described 
by  Hecht  (4).  The  percentage  transmission  being  given  for  each 
filter (5)  at intervals of 10~ wave length, and the emission curve of 
the  lamp known,  there is  obtained  the  total relative  energy trans- 
mitted  by  each  filter.  These  figures,  together  with  the  distances 
from the source just suf~cient to give light enough to produce nega- 
tive  phototropism  in  spite  of  an  inhibiting  lateral  contact,  permit 
calculation of the "critical" photic energy for each filter. 
The result of determinations made at 22°-23°C.  with larvae of uni- 
form  size,  not recently emerged from  ecdysis,  and previously dark 
adapted for some hours, is given in Table I.  I  am indebted to Mr. 
TABLE  I. 
Relative critical  Reci0rocal of relative 
No. of filter.  Modal wave length.  Critical distance,  energy, lamp  and  critical energy, as 
filter,  per cent of maximum. 
70 
71A 
72 
73 
74 
75 
76 
/.L/z 
68O 
653 
612 
578 
532 
492 
45O 
Cm. 
31.0 
59.0 
61.5 
148.0 
165.0 
87.0 
94.8 
366.8 
413.3 
34.8 
88,6 
36,8 
106.9 
381.0 
0.355 
1.14 
1.47 
33.4 
100.0 
9.66 
3.20 
R.  Forer for assistance  with  the  experiments.  The measurements 
of critical distance,  obtained as previously described, are subject to 
an uncertainty of between 1.6  and 4.0 per cent in the several cases. 
This  amount is  quite negligible in view of the large differences as- 
sociated with the differences of wave length. 
IlL 
The  reciprocals  of  the  relative  energy required  with  each  filter 
to just suppress stereotropism may be regarded as giving the absorp- 
tion  spectrum  of  the  photoreceptive  system  (4).  Presumably,  an 
essential  property  of  the  photosensitive  material  involved  in  pro- 
ducing photic stimulation is described by the curve relating efficiency 
in  stimulation  to  wave length  (4,  6,  7).  This  cannot  be  fully as- 650  INHIBITION  OF  STEREOTROPIS~  IN  TENEBRIO 
sumed, however, without disregarding absorption by the skin of the 
animal  arid  by  the  accessory  receptor  structures.  As  measure  of 
efficiency in  stimulation,  the  reciprocal  of  critical  relative  energy, 
with that of Filter 74 as 100, is plotted in Fig. 1. 
A  sharp maximum of stimulating efficiency lies in the region 530 
to 540~.  On either side of this maximum the relative stimulating 
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FIG.  1.  Reciprocals  of the relative  critical energies in different  regions of~the 
spectrum required to counterbalance  positive stereotropism  in Tenebrio larva"are 
plotted as percentages o[ the maximum effect.  Each determination is given as a 
bar of such length as to include three-quarters of the radiation transmitted by the 
corresponding filter.  The curve shows the distribution  of the absorption effective 
in stimulation. 
power quickly declines.  This is made evident at  once by  the fact 
that  the critical distance with the unscreened lamp was  169.4  cm., 
while  with  Filter  74  interposed  this  distance was  reduced only  to 
165  cm.  Practically the whole of the stimulation is due to yellow- 
green light.  The numerical value of the stimulating power in other 
spectral regions is lower in proportion to  the lesser  effective absorp- 
tion of such radiations by the photoreceptive system. w.  j.  CROZW.R  651 
The larva~  of Tenebrlo agree with certain other forms in showing a 
maximum sensitivity in the yellow-green.  The shape  of the stimu- 
lation curve  (Fig.  1)  differs from that described for Mya (4),  where 
the  maximum is  at  about  500~,  in  showing a  smooth  absorption 
maximum  devoid  of  prominent  asymmetrical  distortion.  In  this it 
resembles what may be  assumed to be the usual condition in species 
which have  been  studied  by  the  "equal  energy  spectrum"  method 
(8).  The  region  of maximum efficiency is  not  the  same,  however, 
as  in  the blow-fly larva,  where  the  peak is  at  about  505~  (8,  b). 
The maximum obtained  for  Tenebrio lies  at  approximately  535#~, 
close  to  that  given for  certain  flagellates, as Spondylomorum (8,  b). 
The attempt by  this  "absorption  maximum"  procedure  to  discover 
if forms taxonomically related possess the same photosensitive sub- 
stances,  even with the supposition that the photochemical system is 
simple, is  thus  confronted by serious difficulties.  The wave length 
of  maximum  effectiveness may  apparently  be  different  in  different 
developmental stages of the same arthropod, and in the same species 
may vary  according to the character  of the optic pigmentation  (9). 
Perhaps  a  chief  obstacle  lies  in  the unknown share of  the  skin and 
accessory  structures  in  absorption.  Thus  for  Holothuria  captiva 
sunlight passed through  an  extracted  solution  of  the  green  integu- 
mentary  pigment is  as  effective for  stimulation  of  the  integument 
as unfiltered sunlight (10);  one is unable to tell if light absorbed by 
the  green pigment in  this  case  (that  is,  wave lengths  shorter  than 
540ug) could or could not be especially effective in stimulation.  The 
ocelli  of  Tenebrio, probably  sole  receptors  in  phototropism  lie 
beneath  the  brownish  chitinous  investment  of  the  head.  Direct 
observation shows that  this  chitin  absorbs  red rays  (beyond  660) 
very slightly,  but  that  transmission is distinctly reduced below 510, 
thus  possibly  accounting  for  the  abrupt  decline  of  the  left-hand 
side of the  curve in Fig.  1. 
SUM~ AR¥. 
A  definite intensity  of  white  light is  required  (about  136  m.c.) 
to  produce  negative  phototropic  orientation  of  creeping  Tenebrio 
larvae  away from contact with  a  vertical  glass  surface.  This gives 
a measure of stereotropism in terms of phototropism, or reciprocally. 652  INHIBITION  0]?  STEREOTROPIS/~ IN  TENEBRIO 
The  effectiveness  of  light  for  the  suppression  of  stereotropism 
varies  with  wave length.  It  is  therefore  simple to obtain a measure 
of  the  relation  between  wave  length  and  stimulating  efficiency  in 
this  case  of phototropic  orientation. 
By  determinations  of  the  minimal  energy  required  to  inhibit 
stereotropism  with  different regions  of the spectrum,  it is found  that 
the  maximum  effectiveness  is  sharply  localized  in  the  neighborhood 
of 535~. 
The  curve  connecting  stimulating  efficiency  with  wave  length, 
while giving a picture of the effective absorption  by the photosensory 
receptors,  probably does not permit  accurate  characterization  of  the 
essential  photosensitive  material. 
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